
--

TITJ.H: ADAPTIvE cOK7.W{OL FOR ENERGY

[

AUTHOR(S) :

Smwim’’mr)

Donald R. Farr,is

T(3: 3rd Annual SoLar
R&D hntractorsn

September 2!5-27,

cow- y%bqg~- -~ I

CONSERVATION

IIeating and bling

Meeting

1978

Ily nccqrtunceof thi~ rirticle for publication, the
pnhlisher Ircu~nizm :he (kw~mment’u (license) rights
in nny Covyright and the Government and its nuthoriz~
wprwmntntivrs huve unrestricted rSRhtto rqmodm in
whult~ or in p,lrt mid nrticle under any copyright
wxwredhy the publi~her. I

~’h(IWHAltimosScientificLnborat~w ~UeStS tht thw
publisher identify this article as work perfornwd under
the auqrltw- of the USi3iUM.

k4dmn’!ND55
*Stc~snUiiffje 3a&as12ra9n Py

of !%e University of California
LOS ALAMOS, NEW MEXICO U75115

/ \ ,,.-T--* ,-,:;, ,

L

:,; l,L’’.’::::L:Tu E::!Imm..,, ..1..., ----

An AffirmativeAction/EqualOpportunityEmp!o)er

0

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact: 

Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



.
.,.

.
. .

W ALAFW SCEIHTIPIC LASORATOIU

-H m. U-7405-S?aO-M-0504

mMAW n. FARRZS

mml 1, 1978- Ssmwn 22, 1970

oiu~

mmobjectiveof this pject in m
kwmtigate tlm use of ad4ptivecmtrol tecimiqwa
in hatirq, vcntilatinq, ml air cuxllticni~
WK) s.ystm in solar twtd ad cmlcd b~iMing3
to minhuke* rmsmim of mxiliary mergy.
cptlml cmtrol thency is used ill cmjumtkzl with
ttw da@W mtiol techniqms IZImish the
minimizatim OE auxiliary onerqy. Tb resulting
tmintiqw is referred m as m5a*lva aptlmal
amtrol m).

C2mtrol of *ti~, -tllating, aml air
Oaditirning Eystem is Oftm 4xzXs@isha5 fran
tb EIt.adpointof buik!ingemt; bmver , with
tb iwmesd cmt of energy ati cmcem far energy
omserwtim, it is of interest m attewpt m
cmtrol HVMRyS_ * inmra Mlding aznt=t
with ndniuzznenergy -e. In mlat ively ahple
SY6’SS, sti as single fmily msibs, cmtrol
strat~ies fa Mhizing mergy usage are
stzai@tEomsKd ml can ha c!esiqti intuitively;
tsever, in rest ~lex tM%Csystem, s-h as me
fifrJs in large buildings, it is not clear that
-trol t3trategtea f- minlmizi~ aner~ usage can
h ~ intuitively. This is ●~ially true in
nwtcn8 with alternate ertorgy saurces or with

-f
●toraga swh as in mlar heatal ard cmled

M irqn.

This 8t@y kia bmn * by ~tar
aimlatim ard is cantered m the National ~ ity
- Remurcos Stuly Center (~), a lar~ mlar
hssm Sld dad tuilding at am M Alallm
Sckntific Labratory WASL). Altimmhth atdy
ifibaredcm a apeclfic building, the results ace
cutphtely gmeral. Shrpll f lad *la of tb
hulldhg am! Nvfc Syatcm how heal developad for
b&h tlm bating auf cmlim IKZ&. The amtrol
6tratoqlcs tctuolly umd in tlw NSRtZ were
eimltitd in M nvdels md m atoptive r.@ml
oontrollar W devebpd ard alm aimlatcd.
Simlatlm rma wm nki with bth th?
Ccmenthmol controlkr ad tb achpt.veomtroller
and pecfarnumce rcsulta of the * ahrdatirm bmro
m’pard. In tk first romltu (ohtoin~ uoing a
~tlal *E ivativo system klent if kaclm methdl,
ttm tiptivo mtimal cantrollar mdel &3nonstratcd
a awltqo in mxiliary mnrw 0[ 28.IM for tho
Iwatinq dnuliatim ad 16. 3t Ecc ths cooling
mimlatim dm rxwpmcl m the anvcntkml
controller dmulatim mx!ela.

ti hldc tdmiqua in m idmt ify a
lilWWiZCd nmbl OEth building ati IIWCSyrntcm,
thm ohpl~ apthnal mmtrol th-y w cktmd no m
optlmnl ccmtrolla WIIM mnintaim m a~mprlate

.- ~ature *ile tikving alnimm mergy
~~ ~~’& la cmxhd in th fam of a

. . mu? mtml lzlildlrq d w
systm js a rumlinear system with qwratirq plnta
whi~ cm mry cmw n wide ranqe. The 1inearized
ECX?44.is valid cmly atnut a rqim of the operating
IAnt) tlam, tb idcntitktim of a lhtcarized
modal uust b m cngoing pr~aa with th optimal
untroller &iw dified or dapted f= each mu
linaariz~ *1 = operating Pint oE the ~tam.

Tlm basic bl- dimram of tb syatm with tb
adaptive optinuil antroller is 8- in Fig. L
711s bilding m plant represents ‘~ mnl imr
dymnics of tlm hilding aIT3tta entire IRK
WSteU which oan be repreamtcd ty a differential
~atem of th fms

A - f(x,u,t) (1)
.

where x is tb state vector cmtainisq S*
WI Mike as raun ~rature & sbragc tank
temperature, ati u is the control urcta containing
swh w hblea as fla rates. The *1
Mentifimticn M represents a system
Mnti[katim ~ea which gmerawa a limar
mdel ttsit-rately repmducea tb nmlinear
plmt behavia at the givm operatlrq pint. Us-
irq tb llnearizad -1, the optimalgaim ard
offsets arc mnpt@ which the mtmlkw utaea-
ganmate tk cultrol signal u.

TIIm llnmarizod -1 18 in thm form
Aj.~#+~u

WWro

A=-R-XO .

●nd

~u=u.uo.

Ttm w hhlea ~ md ~ arc tk current
mating poke of the mtuol ayatm.

Ilv? optiti gain ~tatim blink of Fig. 1
~1 s fitandard llnear rogulatm tiway .4th the

7addlt m of set points f= toth Uw a,krol ml
state varIableo. Thq coat hrctbal ia qlvm W

{2)

j+ I [( JW@)Tg(X-Xq+(U-U*)TR@-U*] ]dt (3)

thoro X* ml u* aro Lb set-pnint~ fe
ad Cuntml Vwtora rclqx!ctively.

the state
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Fig. 1. Block diagramof adaptiveoptimal
controller.

‘me Q andR matricesareVeiqhtingmat~ices
which assicjnrelative inyrtance tD t~ various
state :1.nJu;ntrol varidh~cs. A rebtil~?lyld:ge
weight is assigned to the ram temperature in Cl to
maintain amropriatecomfortccmr3itirmand to the
auxiliaryenergyin R to penalizeauxiliaryenergy
usage.

The cxmtrol vector u is given@

:(4)u=&-K(x-xo) +U*. , “r

The (xmptaticnsfor .g’ardK areoutlinedin
Publication2. Tt: a~~oach basicallyusesa
picccwiselinearcontroller.The linearizedmcdel
is &Aermineciand thegainmatrix,K, andoffset
vcctor, , arecorcptedat thebeqimingof a fixed
adaptationinterval.The gainmatrixand offset
vwtrt are tt?munchanged over the adaptation
interv=luntilthe begirningof thenextataptaticfi
intervalw~.=.e ncw lineariz~nm’elisdeter-
fi.iimda.-ldt“iwccmtrolvectorsare recomputed.

Schematicsof theheatingandOmlil,gsystems
areshcwninFig. 2 andFig. 3, respwtively.

SOLAR
COI.LECTOR TIIERMA1.

STORAGE

Fig. 2. Schcm,iticof model used
heatinguimulition.

in Solar

L-J
AUXILIARY
HEAT
EXCtiANGER

Fig. 3. Schematicof model used in
solar cooling simulation.

SU4MARY

=omplishnents in the perJa3 cxwwcx3 by this
reportincluckcompletirm06 a nonlinearoptimal
ccntrolstudyto establishperformanceboundsand
testingof a sequentialleastsquaressystem
identificationprccedure.The cmling modelhas
yieldcc!arkiiticmalresultsand work his beqm on
upgradingof theheatingIIRXlCl.A techniquehas
beendevelopedtooptimallyconpte the set-pints
for thelinearregulator,and a developmentin the
adaptiveoptimalcontrolstrategyhasbeenmar3e
whichwillenhanceits~tentia].for
implementation.A cawx?ptualinvestiqaticnofthe
inherentcapabilitiesof linearregulator
controllers has shwn them to havean inherlmt
superiority.SeveralpresentaticmsoftheACC
a~roa~ havebeenmade.

TmiNIcALNxxx’’QImxMENts—

“A ncnlinearoptimalcontrolstudywa~
cxmductedfor theheatingsystemof Fig. 2 to
establishm upperkourdcm achievable
prrforrnance.In thisstudy,perfwt hmwl@qe
of the weatherparameterswas assumedin order
to inveskiqatewhethersuch&Nance knowledge
can helpcontroltcnperaturein a more
energy-conservingmanner, Comparisonof these
resul= with thoseof previousacbptive
cmntrolstudiest:’atdid rxX amuno such
informaticmimplythatpriorkncwledqeol!
weather cxnditirns did nnt significantlyaid
in reducingauxiliaryfu;:rg-yusaqe.

“A previously r?f!veloprd system fdcntificatirm
tSCht’I@e usinga sequential least squat’es
awroach was tested cm the solar coll=tor OF
theNSRSC. Diffict!ltiesweretmcountcrcrlthat
are believedto be attributah].eto thelong
timeccmstant~andccnscqucntldckof spectral
richnessin thevariables.Further
invcstigationciofthe systcmickmtitlcation
t=hniquewillbe made to ovcrcme these
difficulties.

3rd Annual solar He~iw and cooJing R&Dcontra~ors’ Meeting
September 1978
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.“M&lificatirnshave &n made in thecontroller
4 ftl-theccolinqmcdclof Fig.3, m-l a swings

in auxiliaryenergyof 20.2%hasbeen
demcostrated.This isccmsidercdan
intermediateresultand wxk in theccoling
simulatirmwillcontinue.

●Work has bqun to.qqrade the heatirq mcdel.
A :xcorxi mm has hem addd so that the mcdel
representsa buildingwith bth an interior
zone and a perimeterzone. TIw mass of the
buildinghas been tided for both zones and the
temperatureof the mass in eachzonehasbeen
definedas a statevariable.Improvementand
simplificatimof thecollectorrncdelhas
begunand waluaticowillbe forthcoming
sorm. Similarupgradingwillbe donern the
ccolingmdel.

●A t.c!miaueMS been d?veloped to cc~te the
set-~ints for ?-IL=systwuin an Optmd!.
fasl?icn.Sam of the set-pointsare sprcified
for thesystemad not subjectto
comptatial. RcOm temperatureis sucha
variable,althoughitsset-pint couldbe
changedto ~hieve nighttimeset-back.The
otherset-pointsare reccxptedeachtimethe
adaptatirrrtakesplaceand tl,is?rocedure
yieldsan improvementin the auxiliaryenergy
savings.Thisproceduremay alsosolvethe
erraticbehaviorobservedin the initial
phasesof theprojectwhenatte,mptswerem,,de
tooptimizethecdlcctor systemalcnqwith
the storageand theair-handlingsystems.
Mnulaticnresultsarepresentedin a
subsequentparagraph.

“A devela~entin the adaptatiastrategyof
the zxbptivecptimalrmtrol techniquehas
beenr~% t%: willenhanceitspotentialfor
i@eccmtaticn. The new techniquewillallw
theuseof a standardtwo-wayvalvein the
storage/auxiliaryheat exchanger supplylir,ss
insteadof a more expensiveproportional
three-way valve. Simulationresultsare
present&1in a subsequentparagraph.

●A t=hniqueknownas Inte:prctiveStructural
Nrx3eling(ISI’!)basbermused to analyzethe
inherentcapabilitiesof cmventicmal
controllersand linearrcqulatctcontrollers.
Basedcn thatanalysis,the follrwing
ccmclusicmisdrawn:

If Performanceis judgedby thesame
measure in bothsystr!ms,theuse of more
infcwmatirnplustheoptimal_tation
of the ljnearregulator,Eu& yieldbetter
oatisf(acticmof thepertwnance index.

‘Effortstodisseminateinfrzrmaticmaboutthe
ACZ tcchniqu~ccmtinue.An informal
prcsentatjrnof theACC teckmiquewas made to
membersof theCcntrol.TheoryandApplication
CawnittceofM}IRAE(’IYX.4)at theA3Mquerque
Ineet!ngcm June 27, 1978,and interacticms
withHVPL!Ryritcmcontrol~manufacturersare
underway.

●Recentsimul.atirn results that incorporate
sane of thedovelopnents describedakoveare
st-am in Table1. The “ccmventicnal
controller”resultscxrbodycontrolstrategies
desiqnrxlfor theN.SRSC.The “standard
a&ptive” resultsare for theAX procedure
usingthesequentialleastsquares~ystem
idm~tificaticmtechnique.‘I’he“standard
adaptivewithset-pointmTfltaticms”uses the
systemidcntificaticmtcahniqueand the
techniqueforoptimallymxnputingset-points
rkscribt=dabove. The “’standardadaptivewith
valveimprovement”uses the system
identificaticmtechniquearxlthe improvement
to usea tweway valve described atxwe, but
does not use the optimalset-pint
computations.
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TASLE 1

FUIUREACTIVITIES

Plannedactivitiesfor this projectare
swmnarizedbelcw:

“Ccm@etetherwxkl~rad ing for toth the
heat ing andcoolingmodels.

‘AFPlytheronlinearoptimalccotrolti~roach
to the u.~radedmodels to firmlyestablish
performance txwnds.

“Simulate operatim over extendedperiorsand
makeparametervariaticnsttiiesto thorouqh.ly
evaluatetheACX cmcept.

“Investigateimpkmentatim of the FCC ccncept
in an actualbuilding.

.If the investiqati+nprovesto be pranising,
in’pleruenttheA02 ccmceptin a builc!in..
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